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By Joseph L. Anderson and Andrew Martin 

Wind-tunnel test8 have been made to deterpline the aerodyne&c 
characteristics of a model tail plane having modified KACA -10 
secticms and a tapered plan form, Results were obtained with the 
model tail plane unswept (flap hinge line perpendicular to air flow) 
and swept back (flap hinge line swept bad 45O to air flow). 

L 

m . 

The data show the lift, drag, pitching-moment, and hinge- 
mment coefficie.nt vsziation tith angle of attack and flap deflection 
at various Mach mmibers. Results exe presented for Mach numbers 
from 0.4-O to 0.875, with flap deflectfons from +O to 15O at low . 
Mach nmbers and frcan -6' to 8O at the higher Mach numbers. 

The Mach nuuiber of lift divergence for the unswept tail was 
found to be 0.80, while the Mach number of divergence for the swept 
tail was above 0.875. At a Mach nmiber of O&O, the mswepttail 
stalled at 12' en&e of attack, but the sxept tail did not etaU. at 
200, 

If the unswept tail of au airplane were replaced with a swept 
tail (both tails similar to those tested) and the tail area were 
increased sufficiently to maintain equal static lmgitudinal 
stability at low speed, calculations based on the test results 
indicate that below a %ch number of 0.80, the swept tail would 
have greater drag but would require the- fame elevator stick force. 
Above 0.80 Mach nmiber the tail drag and the elevator stick forces 
wouldboth be considerably less for the afrplane with the swept 
tailthsufor the airplane tith the unswept tail. 

. 
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Reoently, during reoovery of m airplane from a high-speed 
dive, BP unsnticipated abtipt pitoh-up and a large positive 
acceleration were encountered. (Bee reference 1.) In order to 
determine if the tail charaoteristics of this airplane ware affected 
by Maoh number, tests-were made in the Ames 16-foot highweed wind 
tunnel of a semispan model of the horizontal tail plane of the 
airplane. Themovable surfaoe of themodsltailplane is referred 
to in this report as a flap, for the results are applicable to 
other control stiaoes. The aerodynamic characteristics of this 
model tail plane were measured with the flap hinge line unswept 
and swept back 45*. 

The coefficients and the symbols used in this report am defined 
as follows: 

CL 

CD 

c, 

Chs 

M 

B 

A 

F 

where 

II 

D 

M' 

lift coefficient (L/qB) 

drag coeffioient (D/qS) 

pitching-mament coefficient about one-quarter 
MAC. (M'/qS M.A.C .) 

flap hinge+ucment ooefficient (E/qq2bf) 

4 

rC 
c 

MBch nmiber (V/a) 

Reynolds number (pV M.A.C./CI) 

stick force P=ds 
stiok length X - 

lift of semispanmodel, pounds 

drag of semispaumodel,pounds 

pitohing mnt about the one-quarter M.A.C. of 
stmtispanlmdel,footpounds 
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hingemamentabout flag hkgs line of semispasmodel, 
foot-goIm3s 

dynemic pressure (*V2), pour& per square foot 

area of semispan model, square feet 

semispan of model, feet 

chord of tail plane perpendicular to the hIngs line, feet 

chord of flap perpendicular to the flap hinge line, feet 

chord of tab perpendicular to the'flap hinge line, feet 

mean aerodynemic chord, feet 

flap span of semispanmodel~elto the hinge Une, feet 

tab span parallel to the hinge line, feet 

rookaean~quare chord of f'lar, perpendicular to the hinge 
12x3, feet 

mass density of air In the free streara, slugs per oubic 
foot . 

L 
velocity of the free air stream, feet per seoond 

speed of sound in the free air strew, feet per seocmd 

viscosity of air in the free stream, poxmd~eoonds per 
square foot . 

angle of at-k of model, degrees 

flap deflection relative to airfoil, positive when the 
trailingedge is defl6cteddowmmrd,degrees 

tab deflection relative 4x1 flap, positive when trailing 
edgz~ fs deflected downward, degrees 

control-etick dsflection, degrees 



&-Ii inoreJm3nt of arsg ooeffioiemt 

lmi43 : ‘Ehe mibsorlpts outsids the parenthesis lndioate the faotom 
held ocmstsnt in detemI.nkg the pamnetera, 

l?he testmodelws half of the horirontal tailpbne froma 
1/3408lemodelof afighteralrplane. The d9nenslm13 of the i&l 
are preteented in table I. Thlstullphwhaaafl.a+~~idad fw 
havinga ohordegualto 25peroentof the tail+ane chordanda 
tab 4vfnga ohordequalto approrlmately 2gperoent of the flap 
chord. !l!b ooordlnates crf the sirfoll~seotion mf3 shown in table. If. 
The P&Q was metrained by a oestilever beam to whioh were &xtd 
resiratanoe-type etsain ~8 for the measureme ntof the flap hinge 
mapnsp+rs . 

~sepeulatethet~l~b~~~rf~themotlel and 
thembyelQnin&e the effect of thfsboundarylayer onthe teat 
reeulte,arefleationplate wasmaunted 6 inahesfrcmthe tunnel 
Ini& The tail, supportedby tie balmme frume,hsd Its plezm cb 
sjJlmratryatthe refleotfonplate. Afairlngucweredthemodel- 
etlgportinga~turebetweenthep~~andths -ixnmlwall. A 
baffle was In&alledcmthemodeJ.nearthe reflebtiunplateto 
dlrsot the Uakags flow aznq fron the model. (Bee fig. 1.) 
lblgare 2 ahowsthe unswepttailplansmuntedlnthewlndtunnel, 
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Ihe tunnel- effects were aomldered to be ne&i@ble, and 
the effeot of leakage at the refleotlm plate was unkmwn; therefore, 
no oorreotlons uem applied to the data. 

The Eeynolda nmibers for both tail planes me &own In figure 3. 
llae inoreemed slope of the curvea above O.&bhsahnmber ls due to 
the order of running the tests; data at the higher Mauh nunibera were 
obtained firat when the air stream ua8 oooleet and ooaeequentQ the 
deaeity hlgheet. 

The aeroaJnamio ohazacterlatloe am preeented for the u&wept 
tall plane fn figures4 through 8 andfor the mmptrbaok tiilplane 
lnflgurem g tIrmlgh13. The varlatlan of dmg ooeffiolent with . 
~hn~erforboththe~pta;nd~pttsilelmrpreeeatedin 
figure 14. Ngureal~throu&20 &outhelift,flap hingeatnment, 
tadtab hinge-t peumders. 

L.lf$.- !Fhe ohange in slope of the lift curve8 aor the unswept 
tall in figurea 4(a), (b), and (a) at e&out 0' angle of attaok for 
the flap defleotedlO"and lpwae pmbabIytha reeultof aehiftof 
the traneltlan point on the tail.surface. With the flap rmdefleoted, 
the maximum lift ooeft'iolent at 0.w &oh number was 0.74 at 120 
an&e of attaok. Fuf'te&towedt&tthetip etartedtostallat 
about 2O angle of attaok and the etall progFeeaed inboard vith 
Innease in angle of attaok. !Che atdllng of the tip at Bzzoh a 
lowan& of attsahprobab~oaueedtbeol.ow e llft coefflolent. 
~m~Oh$uuiber af lift diver@me ut 0 un@e of attack ooour~ at 

. . 

!Ibellftpamxueter q for the tmmmpttail atOo angle of 
attaok deoreasedulth inoreaae in Nsoh number. (Bee fig. 17.) 'Ihe 
deoreaee in a fram O.$o %oh n&m to 0.80 uas due to the 
inareaee in etabillzer effeatlveneea (Q, fig. 15) with no lnoresse 
in fW Jl;tfeatlvtmee~ (a~, fig. 16); abore 0.80 the deoreaee in w 
wm the result of a more rapid 10~s in flap effeotlvenees than 
atabillzer effeotlvenese. 

For &oh nmibers of 0.40 and 0.60 there wus a change in dope 

? ge?flgtg a zdfg 11.7 4T "T 
th swept-baok tsll at 6' aagle of attack 

dbove this angle of attaok the lift. 
ourve slope6 imreased. Zhle changs Tn elope waeprobablrthe 
result of u6hlftof thet~ltlfmpointonthe fall surface 
almilar to thaterperlenuedforthe unawepttailatOO an@e of 
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attaok. !l!he rweptbaoktalldidgotatsll at the max%um test 
ru@e of 200. The &oh rmibsr of lift dlvergenoe at O" angle of 
attack oomr~ above 0.8'15. 

Ihe variation in the lift ptbrane ter &8 (fig. 17) wlthI&mh 
nunfber TJmoughout the teet Machnumber range MB malLfor the 
awept tall in aomparleon to that for the unmmpt. The EULCL 
deoreaee in ag above 0.75 Maah number wzm the remit of the 
horeaee in swept-tall etabilfzer effeotlveneers (Ch) while the 
flap effeativeneee (a) did not ohange eignlfioant4 at &oh 
numbera above 0.n. (Bee fige. 15 and 16.) . 

9 
.- 5 drag aoefflolente presented in figures 6 and 11 

0-0 e oonsldemd abeolute, einoe the effeote of the b&'fle 
plate and the endleakagle are unlmownj hover, the relative valuers 
ehouldbe lar@y independent of theee effeote. !&e lnterferenoe 
effeote and the-poor aooura~~ in obtainI= the drag data probably 
nullifledthelow-drsgrange of theee airfoils. !l!here wae a 
proncmnoed lncreaae of the drag coeffiolent af the tmewept tail 
plane ubove the Idsoh number of drag divermnoe due to the ehook 
on the eurfsae. (Bee fig. 14.) Por the 8uepGbaok tail plane, 
thereumno lnoreaee In dmgooeffloientuith lnoreaae InXsoh 
amber to 0.875. Defleotfon of the flap lnoreaaee the drag 
ooefflolentof the unewepttail pl6nemarIWLly,whlle the drag 
oc3efffoleqt aC the 8uept tailinoreaeee only eli&t4. 

Pitohlng mmmt.- Figure 7 6hou-0 that the ,ohange in elope 
@f&j&&] of the pitohwt ouzvos with lift ooefflol~t was 
greater at 0.40 Msoh number than at the higher Maoh numbers. 5 
ohan@ in the elope and the aoatter of the datawere probably 
oaped by t+e lnabi~lty of the pitohiv t halame to acou- 
rate4lueapnucetheti mments on the mod&at this low epeed. 

P, .-figure 8.shous that the slope of the f'igp 
hAnt oy?& tIie unmept tall inoremed at about 8O angle 
of attaok for M&oh numbera below 0.80, !hle is the angle of atta0.k 
at whloh the tail plabe darted to &all. The uneteble variation 
of flap hin@e+me nt ooefflolent with angle of attmk at 0.875 Maah 
mmberle the result &the flap operating in separated flow. Th? 
ohangle in varlatim of ch,, and chfsf with Mmh number, above 
0.80, me due to the f&p operating in the eeparated region produued 
byshookauthe tailplane. (See flge.l8 andlg.) 

As shown infigures l8 andlg,the flaphinge+ncmentparmetera 
(chf=mId Ch+) for the mpt tail remabed about ocmstant through 
thelJaohn&ber~. I 
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c Tab effectiyenese.- B the determination of tab effectivenese, 
the tab was deflected only negatively. The variation of tab 
effectiveness (&f/&t) with Mach umber fs shown in figure 20. 
There was a rapid loss in tab effectiveness for the unswept tail. 
above 0.80 qh number. Below 0.80 Maoh nmuber, a flap deflection 
of +5’ or -5 ohmged the tab effectiveness approxImateQ +0.0015 
for the unswept tall, The tab effectlyenesa for the swept tafl was 
about constent with lncreaee in Mach rcmnber and changed tiightly 
WTth flap deflection, 

JEffect of Sweepbauk of the Horizontal Tati 
Plane on the Characteristics of an Mrplane 

Fran the wind-tmnelreaults, a direct ompariem is not 
possible between the characterl&ice of the swept tail and that of 
the unswept. I& order to illustrate tire effect of sweepbaok of the 
tail on the characteristics of an airplane, two hypothetical al? 
planes, cme having an unswept horizontal tail., and the other having 
a swept-back horizontal tail, were aesum&d. Ueiug the tind-tunnel 
data presented in this report, supplemented with other wind-tunnel 
data!! the tail eiae PIEL~ chosen for each airplane BO that at 0.60 
Machnumberthe atatfclongitudinal eixibility (&F&(Z) wouldbe 
equal for each a3rplane aa well as the pitch- nt coefficients 
at zero lift. The following table giPee the major Urnion for 
these two airplane which are identical except for the horfzontal 
tELllB: 

-Pt Swept-back 
talP 450 tail 

Wing exea, equare feet 237.00 237-w 
Wing span, feet 39-m 39.00 
Horiemtal-tall epau, feet 15-S 13.30 
Horizontal-tail area, square feet 43.56 76.59 
Horlzontgl-tall incidence, depee 1.5 l-5 
Talllength, frcm2~ercentpofnt of the 

tingmeanaemdynmia ohordto the 
elevator hinge line at the tall root, 
feet 16.47 16.47 

L 

-. 

The varldlonof the caLcu&tedpitchingaumne nt coefficient nith 
lift coefficient for both airplanes is &own ln figure 2l for constent 
Mach numbers. Figure 22 shows the variation of the neutral point 
for both afrplenes with the elevator free andflxed through a&ch 
number rage of 0.60 ti 0.875. For the airplane tit4 the unswept 
tail,the calculatedneutralpointmoves ef'twith increase in&oh 
mmber to 0.825, above which ltmoveer fomw d so that lta looatim 
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at aMach number of 0.875 is practically the seme ae at 0.60 Mach 
number. (See fig. 15.) This change in neutral point with Mach 
number is largely the result of the change in stabilizer effective- 
ne88, for when the stabilizer effectiveness increases the neutral 
point moves aft and vice ver6a. For the airplane with the awept- 
back tail the neutral point moves gradually aft with Mach number, 
due to the increase in stabilizer effectiveness. (See fig. 15.) 

For a wing loading of 50 pounds per square foot at aea level, 
figure 23 shows tha.calculated elevator stick forces and angles 
needed to balance the two hypothetical airplanes in level flight. 
For Mach numbers from 0.60 to 0.815 the stick force for the swept 
tail 13 equal to or slightly larger than for the unswept tail. 
However, above 0.815 Mach number, the stick force for the awept 
tail ie 1eBs than for the unswept tail; at 0.875 Mach number, 
125 and 600 pounds, respectively, are required. 

The drag increment of the horizontal tails is shown in figure 24 
for varioue Mach numbere. The drag. of the swept tail is about 3.5 
times greater than for the unswept tail at 0.60 Mach number, but 
this is largely due-to the greater area for the swept tail. At 
0.875 Mach number, the drag of the swept tail is considerably . 
lower than that for the unswept tail plane. 

coNcLIIsIoIB 

The results of the high-eased wind-tunnel tests of a aemiepan 
horizontal tail ewept and unswept indicate the following: 

1, The Mach number of lift diver-@ace f 3r the unswept tail 
wan approximately 0.80, while that for the sweptcback tail was above 
0.875. 

2. Above a Mach number of 0.80, and at low angles of attack, 
the unewept tail plane showed a decided 10s~ in stabilizer and flap 
effectiveness and an increase in flap hingeinoment coefficient; 
whereas in campariaon the awept+ack tail showed little change with 
Mach number to 0.875. 

3. For the two hypothetical airplanes assumed in this report, 
one having an unswept and the other having a swept-back-horizontal 
tail, more area would be required for the swept horizontal tail 
plane than for the unswept tail for equal airplane static longitudinal 
stability at low speed. The airplane with the swept tail would have 
higher stick forces and tail drag at the Mach number8 below the Mach 
number of lift divergence than the airplane with the unswept tail, 

J 
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c but above the Mach number of divergence the airplane with the swept 
tail would have oonsidembly less stick force and tail drag. 

Ames Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Moffett Field, Calif. 

1. Brown, Earvey H., Rolls, L. Stewart, and Clousing, Lawrence A.: 
An Analysis of Longitudinal Control Problems &countered in 
Flight at Tmnsonic Spee& with a JeGFropeUsd Airplane. 
EACA KRM PBo. A7GO3, July 1947. 
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TABLE I.- h?KXEL DIMEl'lSIOm 
1 

Airfoil section, perpendicular 
to the hinge line (-table I) . . D 

Sweepback of flap hinge line 
(75+ercent-chord line), degrees . 

Sweepback of leading edge, degree8 . 

Sweepback of 25-;percent+hord line, 
degrees . . . . . o . . . o . . . 

Tail-plane area, square feet . . . . 

Span,Peet . . . . . . . . . . . . . 

Mean aerodynamic chord, feet . 0 . . 

Aspect ratio (baeed on full span) . 

Blap span &Long flap hinge line, 
feet........ . . . . . . . 

Tail-plane root chord, feet . . . . 

Equivalent tail-plane tip chord, 
feet . . . . . . . . . . . . . . . 

Taper ratio . . . . . . . . . . . . 

Root-mean-equare chord of flap, feet 

Ratio of flap chord to tail plane 
chord (perpendicular to flap hinge 
line) Da . . . . . o . . . . . o 

Tab span along tab hinge line, feet 

Ratio of tab apan to flap apan . o . 

Ratio of tab chord to flap chord at 
inboard end of tab 0 . . . . . . . 

Ratio of t&b chord to flap chord at 
tip of tab . . 0 . . . . o o . 0 . 

Traillng-edg3 angle . o o . D o . . 

Unswept Sweptback 

Modified Modified 
XACA 6910 -l?ACA 65-010 

. 

0 45 

16 61 

11.5 56.5 

2.39 3.36 

2m53 1.97 

1.03 1.89 

5.36 2.31 

2.36 2.36 

1.44 2.68 

0.45 0.73 

.313 .272 

-255 -255 

-25 -25 

044 .44 

.I85 

-31 -31 

l 
019 -19 

5O 56” 5’56” 

- 
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TABLE II.- COORD~TB IXFERC~CHORD 
FORMODIFIEDIJACA 65om~rmOn; 

station 
4 

Ordinate 

00.767 
-923 

1.154 
1.5% 
2.175 
2.642 
3-a 
3.664 
4.142 
4.500 

i-s 
5:m 
4 .g62 
4.800 

to?2 
31652 
3.115 
2.597 
2.087 
1.577 
1.066 

-556 
.046 

11 
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Figurs 2.- Modal. mounted in the tind tunnel. 
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